The capacity of patients with cirrhosis of the liver to produce a dilute urine after a water load has been extensively investigated (1, 2) . The concentrating ability of these patients has not been carefully studied, although the assumption has been made that a defect exists (1, 3) .
The present studies describe the characteristicsof the concentrating system in patients with cirrhosis and attempt to clarify the mechanisms involved in any existing defect.
Methods
Twenty-seven patients with cirrhosis of the liver of varying severity associated with chronic alcoholism and 17 patients with other chronic diseases were studied. Each patient was receiving at least 75 g of dietary protein and at least 1 g of dietary sodium per day. None gave a history of renal disease, and all had normal urinalysis, nonprotein nitrogen, and serum creatinine. No patients above the age of 65 were included. Except for the absence of azotemia or intrinsic renal disease, the cirrhotics represented a wide range of patients with this disease. The mean age of cirrhotics was 50 and ranged from 35 to 62 years. The degree of ascites ranged from no apparent ascites (seven patients) to massive ascites (three patients) and included varying degrees of protein depletion as estimated by degree of muscle wasting. The mean age of the 17 chronically ill patients without cirrhosis was 49 and ranged from 38 to 58 years, and they represented the only noncirrhotic patients in the medical service (180 beds) at a given time who satisfied the above criteria for inclusion in the study.
The degree of ascites and degree of muscle wasting were estimated in each cirrhotic by a scale of 0 to ++++. Age and sex were recorded.
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concentrating ability (Uma.). These studies included measurement of urine osmolality (Ucam) starting at 14 hours after the last oral intake and 10 hours after 5 U of vasopressin in oil intramuscularly. Urine samples were obtained intermittently until a last sample was obtained after 21 to 25 hours of dehydration.
2) Volume and urea, ammonia, sodium, and potassium concentrations of Uma. urines were measured in 11 cirrhotics. In other patients urine sodium excretion was recorded as 0 to ++++ based on the approximate percentage of the oral sodium intake excreted.
3) U... after 16 hours of dehydration and 5 U of vasopressin tannate in oil was determined in the 17 patients with chronic disease other than cirrhosis. In eight of these patients selected at random, urine volume and urea, ammonia, sodium, and potassium concentrations were also determined. The findings are consistent with data previously reported in hydropenic cirrhotics who demonstrated a decreased urine specific gravity and in whom dehydration beyond 16 hours did not produce a significant rise in specific gravity in any of the eight patients studied (8).
2) The mean Umr. of 27 patients with cirrhosis obtained after 16 hours of dehydration was 651 + 25 mOsm per L (1 SE). This value was significantly lower than the value of 812 + 31 mOsm per L (Table II) obtained in noncirrhotics with chronic diseases (p < 0.01), and the value of 947 + 25 mOsm per L previously reported in hospitalized patients without clinical evidence of renal disease (9) . Although the noncirrhotic patients fulfilled the criteria of diet, age, and absence of evident renal disease, the patients studied had been, for the most part, ill for many months or years.
3) The composition of Urn. urines in 11 cirrhotics is shown in Table III. f Urine osmolality calculated from the formula:
U.. = (UN, + UK + UNH4) X 2 + UUrea. In each cirrhotic, however, the mean deviation was below the calculated line. In two cases the fall was of borderline significance (p < 0.05) and in one case highly significant (p < 0.01). is increasing and then as Cosm falls in four normal subjects, and Figure 2 , which shows the same curves for cirrhotics. Except at high rates of Cosm, normal subjects were able to maintain their ability to conserve free water after the peak of diuresis (Table VII) higher than the value for cirrhotics (though somewhat lower than normal). These data therefore suggest that the Umax defect is specific for the disease rather than directly related to any particular complication of the disease.
The existence of a defect in the ability to conserve water in cirrhotics is not surprising in view of the well-documented defect of free-water formation in some of these patients (1, 2). Many investigators have postulated a defective delivery of sodium to the ascending loop of Henle and distal tubule in some patients with cirrhosis (2, 11). Schedl and Bartter supported this thesis by demonstrating that a mannitol diuresis improved the ability of cirrhotics to form free water, presumably owing to increased delivery of sodium to distal sites (2).
Since the above postulate is consistent with current physiologic concepts and reinforced by experimental evidence, it is reasonable to ascribe a concentrating defect in these patients also to inadequate sodium delivery to distal sites. Furthermore, the normal Te1H2O of these patients is compatible, since increased delivery during osmotic diuresis might provide the medullary interstitium with enough extra sodium to correct the pre-existing defect and produce a normal TCH2O.
The data on TcH2O versus Cosm after the peak of osmotic diuresis (Figures 1 and 2 ) indicate that the above explanation is not sufficient. The ability of normal subjects studied to maintain TCH2O for a given Cosm shortly after the peak of osmotic diuresis is consistent with the findings in normal dogs (12 abnormal in the present studies.
Increased body hydration and low total body potassium have been associated with defects in Umax (14) (15) (16) . Although cirrhotics tend to have both, individuals with these entities also have decreased TCH1O, which places them in a different category from the patients presented. Furthermore, neither Umax nor TCHIO was correlated with serum potassium, muscle wasting, or degree of ascites in the present studies.
The positive correlation of TCHO with glomerular filtration rate is not surprising, since this correlation might well exist in normal subjects.
The lack of correlation between Uma. and glomerular filtration rate suggests that the latter was not primarily responsible for the Umax defect although it may contribute in some patients.
In cirrhosis a defect apparently exists in the ability to produce a maximal Uosm/Po.m ratio within the normal range. The capacity to maintain this abnormally low maximal U/P ratio is striking as illustrated in changer. According to current thinking, increased rate of flow in the vasa recta would lead to less efficient trapping of sodium in the medulla and therefore less hypertonicity (21) . Increased medullary blood flow could exist in cirrhotics in association with shunting of blood around the glomerular capillaries. This situation could exist in spite of a normal quantity of sodium being reabsorbed by the ascending loop of Henle. Vascular shunts have been demonstrated in cirrhotics and have been postulated to explain some of the frequent findings in this disease, such as spider nevi and clubbing (22) .
If this is indeed the explanation for the Umax defect in cirrhosis, then one may explain the normal TCHO either by postulating that a rapid mannitol infusion minimizes the effects of such shunts by decreasing circulation to the medulla, or by postulating that rapid medullary blood flow, while imposing restriction on the maximal U/P ratio, does not restrict free water reabsorption at high urine flow rates where a high U/P ratio is not required. The latter explanation seems more reasonable because of the data presented here which suggest that a mannitol infusion per se does not contribute to correction of the defect in water conservation which results in a low Umax. Furthermore, TCH2O formation is probably primarily dependent on simultaneous active sodium pumping in the ascending loop of Henle, limited only by a maximal U/P ratio at low flow rates and maximal TCH2o at high flow rates. Indeed, osmotic diuresis has been shown to increase rather than decrease medullary blood flow (21) . If this is so, then a further increase in medullary circulation added to the postulated initial abnormally high flow in cirrhotics may explain the inability of these patients to recover their maximal ability to conserve water as rapidly as normal subjects after the peak of osmotic diuresis.
The lack of correlation between the characteristics of the concentrating system and the clinical status of patients with cirrhosis suggests that a fundamental, abnormality of renal function exists in association with this disease. As is true with other complications of cirrhosis, this abnormality may be of varying severity in individual patients and apparently is not always correlated with the severity of the disease.
Summary
Most patients with cirrhosis of the liver who are not on marked dietary sodium restriction have a defect in maximal concentrating ability (Umax) but normal negative free-water clearance. A defective delivery of sodium to the distal nephron is not a sufficient explanation for the Uma., defect. Increased medullary blood flow, possibly due to increased shunting of blood to the medulla, is postulated to explain the findings, since other causes for such a defect do not appear to be present.
